Abstract. This paper designs a compensating component for a thermionic energy converter, called the intercell connector. Based on the detailed analysis of the special working conditions and reasonable material selection of the intercell connector, the slotted cylinder design is proposed from the empirical design, and the relevant parameters and requirements of the intercell connector are given. By using finite element method, the nonlinear simulation model of a three-cell thermionic energy converter is established, and further optimized, and the optimal geometric parameters of the design structure of the intercell connector are obtained. On this basis, for the stress concentration problem, the end of the slot is designed with holes, and the finite element analysis results of the final structure meet the design requirements.
Introduction
The intercell connector (ICC) connects the emitter and the receiver in the thermionic energy converter, it has three main functions. A connector, which realizes the circuit connection in series, connecting the receiver of the previous cell and the emitter of the next cell, the schematic diagram is shown in Figure 1 .a. A compensation, which compensates the thermal expansion mismatch of the emitter and receiver. A non-sealing component which can balance the cesium pressure of the internal and external chamber. Figure 1 .b shows the conceptual diagram of a three-cell thermionic energy converter, and 5 is the ICC. The working environment of the ICC is complicated, which requires high on its material design firstly. From Fig. 1(b) , the continuous nuclear reaction in the fuel chamber has a high temperature and an irradiation effect, the operating temperature in the fuel chamber is at least 1700K, preferably about 1870K, even if the fuel cladding is made of a reinforced single-crystal tungsten alloy or molybdenum alloy, there still have the deformation of the emitter member caused by the expansion of the fuel, besides, the high temperature also causes linear expansion of each other component. The cooling device is arranged outside the outer casing with the temperature 900K, so there is a temperature difference between the emitter and the receiver. In this environment, the ICC itself is thermally expanded and subjected to part dynamic load caused by the difference in thermal expansion between the two groups of components connected to it and to compensate for the displacement changes of the two components, which requires the deformation compensation of the ICC can reach the test compensation displacement of 0.2mm. The ICC needs to ensure the electrical conductivity and cannot adds extra ohmic loss, ie.
. Since the internal and external pressures of the gap are consistent, the pressures can be negligible.
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Material Selection
Considering the material of the intercell convertor has to have good cesium compatibility, and the experimental data related to cesium compatibility is limited, so we mainly carried out comparative analysis on molybdenum, tungsten, niobium, tantalum and some their alloys through the following main indicators, the reference value under the optimal working temperature of 1870K (about 1600 °C). From the comparative analysis of the above materials, Ta-10W alloy is an ideal structural material for ICC. Ta-10W has good high temperature strength and high temperature creep performance, which has been used for a long time in the power conversion materials of space large nuclear power systems, such as reinforced structural materials used in aerospace nuclear power devices. According to the first strength theory, the maximum tensile stress causes the material to break, and the strength condition,
. From the tensile strength of Ta-10W, the ICC strength condition is
Structural Design
Both the emitter and the receiver are thin-walled circular tube design, a thin-walled cylindrical tube structure with through-slots is proposed, which is simply referred to be called slotted cylinder structure. In mechanical design, slotting is generally a pre-set inducing structure to improve energy absorption efficiency or a stress release method to optimize the cutting process of the whole structure. The ICC with slotted structure can not only relieve the axial pressure and thermal stress of the connector to a certain extent, but also ensure that cesium vapor passes through the ICC to balance internal and external cesium pressure.
According to the research of Li Fei and others on the grooves of thin-walled circular tubes, considering the size limitation, the ICC with two rows of slots to simulate ring slots are preset in the structural design, with slot widths W1 and W2 and distances L1 and L2 from the end faces, each row is composed of four of the same size slots, as shown in Fig. 2 . The total length, thickness and two-section welding length of the ICC have been determined according to the geometric space constraints. 
Finite Element Simulation and Structural Optimization
The ICC, emitter, receiver, fuel chamber and outer casing are assembled into a nonlinear modeling of the three-cell thermionic energy converter, as shown in fig. 3 . In the simulation software COMSOL, the thermal stress physical field is selected. The bellows at both ends are regarded as spring supports, the inner surface temperature T1 of the fuel chamber is 1870K, the outer surface temperature T2 of the outer casing is 900K, the spring constraints at both ends are K1 = 8400N/m and K2 = 3230N/m respectively, which is determined by the stiffness of the bellows at each free end. The principle of COMSOL thermal stress finite element calculation is as follows, The parameterization results show that the smaller the value of L1 is, the larger the value of W1 is, the smaller the stress value is. The value of L2 and W2 is increased to a certain value, and the stress value is no longer reduced or even increased. One of the optimal geometric parameter result combinations is L1=3.5, L2=3.9, W1=0.9, W2=0.7, and the ICC under this geometric parameter combination can take one of the minimum stress values, 1  =119MPa, meeting the first strength requirement. The resistance of the ICC is scanned with the resistance value of 0.228  m , which meets the resistance requirement. The axial deformation of the ICC is 0.18 mm, and the displacement direction is as shown in Fig.5 , which meets the displacement compensation requirement. By analyzing the stress distribution concentration position, we find that the stress at the end of the slot is especially large. We have circular holes at the end of the slot with a diameter slightly larger than the slot width, which often used to alleviate stress concentration in aerospace technology, as shown in fig. 6 . Further simulation analysis shows the stress distribution is effectively relieved in the improved structure, the biggest value is 103MPa which meets the strength requirements. The resistance of the ICC is 0.287 mΩ and the axial deformation of the ICC is 0.19 mm, which meets the relative requirements. 
Summary
The slotted cylinder design used for the ICC design of the thermionic energy converter meets the functional requirements for the ICC and prompts the direction for further optimization in the later stage. However, the actual working conditions of the ICC are quite complicated, the simulation analysis only considers the main boundary conditions, such as the irradiation and other working conditions are ignored, so the slotted cylinder structure will be verified through further experiments. Besides, Ta-10W also faces the problem of large neutron absorption cross section in the material selection. It is believed that there will be better alloy materials after further cesium compatibility experiments.
